A Gram-negative, catalase-and oxidase-positive, non-sporulating, rod-shaped and slightly halophilic bacterial strain, designated UST090418-1611 T , was isolated from the marine sponge Xestospongia testudinaria collected from the Red Sea coast of Saudi Arabia. Phylogenetic trees based on the 16S rRNA gene sequence placed strain UST090418-1611 T in the family .4 and 97.3 %, respectively), the relatedness of the strain to these three strains in DNA-DNA hybridization was only 58, 56 and 33 %, respectively, supporting the novelty of the strain. In contrast to most strains in the genus Marinobacter, strain UST090418-1611 T tolerated only 6 % (w/v) NaCl, and optimal growth occurred at 2.0 % (w/v) NaCl, pH 7.0-8.0 and 28-36 6C. The predominant cellular fatty acids were C 12 : 0 3-OH, C 16 : 0 , C 12 : 0 and summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c). The genomic DNA G+C content was 57.1 mol%. Based on the physiological, phylogenetic and chemotaxonomic characteristics presented in this study, we suggest that the strain represents a novel species in the genus Marinobacter, for which the name Marinobacter xestospongiae sp. nov. is proposed, with UST090418-1611 T (5JCM 17469 T 5NRRL B-59512 T ) as the type strain.
, was isolated from the marine sponge Xestospongia testudinaria collected from the Red Sea coast of Saudi Arabia. Phylogenetic trees based on the 16S rRNA gene sequence placed strain UST090418-1611 T in the family
Alteromonadaceae with the closest relationship to the genus Marinobacter. The 16S rRNA gene sequence similarity between the strain and the type strains of recognized Marinobacter species ranged from 92.9 to 98.3 %. Although strain UST090418-1611 T shared high 16S rRNA gene sequence similarity with Marinobacter mobilis CN46 T , M. zhejiangensis CN74 T and M.
sediminum R65 T (98.3, 97.4 and 97.3 %, respectively) , the relatedness of the strain to these three strains in DNA-DNA hybridization was only 58, 56 and 33 %, respectively, supporting the novelty of the strain. In contrast to most strains in the genus Marinobacter, strain UST090418-1611 T tolerated only 6 % (w/v) NaCl, and optimal growth occurred at 2.0 % (w/v) NaCl, pH 7.0-8.0 and 28-36 6C. The predominant cellular fatty acids were C 12 : 0 3-OH, C 16 : 0 , C 12 : 0 and summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c). The genomic DNA G+C content was 57.1 mol%. Based on the physiological, phylogenetic and chemotaxonomic characteristics presented in this study, we suggest that the strain represents a novel species in the genus Marinobacter, for which the name Marinobacter xestospongiae sp. nov. is proposed, with UST090418-1611 T (5JCM 17469 T 5NRRL B-59512 T ) as the type strain.
In addition to their ecological importance and the production of bioactive compounds, sponges have attracted substantial research interest because of their remarkably diverse group of symbiotic bacteria, which are substantially divergent from those present in the surrounding seawater (Taylor et al., 2007; Lee et al., 2011) . Previous isolations of symbiotic bacterial strains from sponges revealed that alpha-and gammaproteobacteria, particularly from the genera Alteromonas, Pseudomonas, Pseudoalteromonas and Vibrio, were the major cultivable residents in the community (Lafi et al., 2005) . During an investigation of the microbial diversity and resources of the Red Sea (Lee et al., 2011) , a novel bacterium showing a strong affiliation to members of the genus Marinobacter was isolated.
The genus Marinobacter, proposed by Gauthier et al. (1992) with the type species Marinobacter hydrocarbonoclasticus, isolated from sediment of the Gulf of Fos (French Mediterranean coast), belongs to the family Alteromonadaceae in the class Gammaproteobacteria. The genus currently comprises 30 species with validly published names, including the recently described Marinobacter adhaerens (Kaeppel et al., 2012) , M. daqiaonensis (Qu et al., 2011) , M. oulmenensis (Kharroub et al., 2011) , M. lacisalsi (Aguilera et al., 2009) (Zhang et al., 2008) , isolated from ice. In this study, another novel, slightly halophilic and less salt-tolerant strain, designated UST090418-1611 T , was isolated from a marine sponge, Xestospongia testudinari, and characterized using a polyphasic approach.
The Xestospongia testudinari sponge was collected by SCUBA diving from a depth of 8 m at Obhor Sharm, close to the coast of the Red Sea at Jeddah, Saudi Arabia (21 u 42.649 N 39 u 05.699 E). After retrieval from the seawater, sponge tissues were immediately transported to the laboratory in a sterile plastic bag containing in situ seawater. Upon arrival at the laboratory, the tissues were rinsed thoroughly with 0.22 mm-membrane-filtered seawater (FSW) to remove loosely attached microbes and debris, homogenized in and diluted with FSW and then plated onto marine agar 2216 (MA; Difco). Inoculated plates were incubated at room temperature (25 u C) until single colonies were observed. By repeatedly streaking a mature colony on MA with incubation at room temperature, strain UST090418-1611 T was isolated. A pure colony of the strain was grown in marine broth 2216 (MB; Difco) at room temperature for 3 days. The bacterial culture was then stored at 280 u C with 30 % (v/v) glycerol. Tiny, creamy colonies (about 0.3-0.6 mm in diameter) were observed on MA after incubation at 28 u C for 48 h. Colonies were circular, slightly irregular, cream-coloured, semi-transparent and convex with a smooth surface and an entire edge. Non-diffusible brown pigment was observed after incubation for more than 14 days. This phenomenon was not observed in any of the reference strains cultured in this laboratory or reported previously.
Unless otherwise specified, all characteristics described hereafter were based on cultures incubated on MA or in MB for 3 days at room temperature. M. mobilis CN46 T and M. zhejiangensis CN74 T were obtained from the Second Institute of Oceanography, Hangzhou, PR China, and M. hydrocarbonoclasticus DSM 8798 T and M. sediminum DSM 15400 T were obtained from the German Collection of Microorganisms and Cell Cultures (DSMZ). These strains were cultured under the same conditions as strain UST090418-1611 T for comparison.
Phenotypic characteristics of strain UST090418-1611 T , including physiological and biochemical properties, were tested as follows. Cell morphology and motility were observed using light microscopy (model BH 2; Olympus) and transmission electron microscopy (Tecnai 12). Gram staining was performed according to Collins et al. (1989) . Gliding and swimming motility were observed under a phase-contrast light microscope (Olympus BX51; 6100 magnification) after growing the isolate on MB solidified with 0.4 % agar (Bowman, 2000) . The requirement for and tolerance of NaCl were tested on a 1.2 % agar medium containing (l 21 ) 5.9 g MgCl 2 , 3.24 g Na 2 SO 4 , 1.8 g CaCl 2 , 0.55 g KCl, 5.0 g peptone, 0.1 g ferric citrate and 1.0 g yeast extract (pH 7.6) with different NaCl concentrations (0.5 % and 1-18 % (w/v) NaCl at intervals of 1 %) (ZoBell, 1941) . Growth at 4-52 u C and pH 5.0-10.0 (pH adjusted with 1 M HCl or NaOH) was observed for up to 8 days of incubation. The requirement for oxygen for growth was examined by using the Oxoid anaerobic system on YP-SW agar (Lau et al., 2005) . Sensitivity to kanamycin (30 mg), tetracycline (30 mg), ampicillin (30 mg), chloramphenicol (30 mg), streptomycin (30 mg) and penicillin (20 IU) was tested by using the method described by Acar (1980) . Catalase and oxidase activities were examined as described by Chen et al. (2007) . The methyl red reaction and hydrolysis of DNA, Tween 80, starch, casein and gelatin were determined according to Smibert & Krieg (1994) . Other enzyme activities, substrate utilization patterns, nitrate reduction and production of H 2 S, indole and acetoin were tested using the commercial systems API 20E, API 20NE, API 50CH and API ZYM (bioMérieux) according to the manufacturer's instructions with addition of 2.2 % salt in the suspensions (MacDonell et al., 1982) . Growth on glycerol, dextrin, L-alanine, sucrose, D-sorbitol, D-galactose, starch, ethanol, acetate, propionate, pyruvate, D-glutamate and D-glucose as sole carbon sources was also tested using a medium containing 0.2 g NaNO 3 , 0.2 g NH 4 Cl, 0.02 g yeast extract and 0.4 % (w/v) carbon source in 1 l distilled water with 3.5 % NaCl (Nedashkovskaya et al., 2003) .
Strain UST090418-1611
T was Gram-negative, rod-shaped (0.6-0.862.0-2.5 mm) and motile with a polar flagellum (Fig. S1 , available in IJSEM Online). No growth was observed in the absence of NaCl. Growth occurred only at 0.5-6.0 % NaCl (w/v) (optimum at 2.0 %), which suggested that the strain was only slightly halophilic and halotolerant. Other phenotypic characteristics that differentiated the novel strain from its close relatives and the type species of the genus are summarized in the species description and in Table 1 .
Genomic DNA was extracted from cells using the TaKaRa MiniBEST Bacterial Genomic DNA extraction kit. The 16S rRNA gene of UST090418-1611 T was amplified with primers 8F (59-AGAGTTTGATCCTGGCTCAG-39) and 1525R (59-AAGGAGTGWTCCARCC-39) (Shrout et al., 2005) with Vent DNA polymerase (NEB) and sequenced using an Applied Biosystems 3100 automated DNA sequencer as described previously (Lau et al., 2005) . The resulting 16S rRNA gene sequence was compared with sequences obtained from the NCBI nucleotide database using BLAST (Altschul et al., 1997) to locate its approximate phylogenetic affiliation. Sequences of the novel isolate and related species were aligned with CLUSTAL_X (Thompson et al., 1997) and then edited manually with the BioEdit sequence alignment editor. Phylogenetic analysis was performed by using the software package MEGA version 4.0 (Tamura et al., 2007) . Evolutionary distances were computed according to Kimura's two-parameter model (Kimura, 1980) and phylogenetic trees were generated by using the neighbour-joining (Saitou & Nei, 1987) , minimum-evolution (Felsenstein, 1997) and maximum-parsimony (Kluge & Farris, 1969) methods. Bootstrap analysis was used to evaluate the tree topology of the neighbour-joining data by means of 1000 resamplings (Felsenstein, 1985) . Analysis of the nearly complete (1468 bp) 16S rRNA gene sequence indicated that UST090418-1611 T had a strong affiliation to members of the genus Marinobacter in the neighbour-joining tree (Fig. 1) . Similar topologies were also found in trees generated with the minimum-evolution and maximum-parsimony algorithms ( Figs S2 and S3) . The 16S rRNA gene sequence of the strain shared 92.9-98.3 % similarity with those of the type strains of other recognized Marinobacter species. It was most closely related to the type strains of M. mobilis, M. zhejiangensis and M. sediminum (98.3, 97.4 and 97.3 % similarity, respectively) (Huo et al., 2008; Romanenko et al., 2005) .
DNA-DNA hybridizations were performed in triplicate using the membrane filter method described by Denhardt (1966) and De Ley & Tijtgat (1970) and detected with a modification of the method of Cano et al. (1992) . Although strain UST090418-1611 T exhibited relatively close relationships with the type strains of M. mobilis, M. zhejiangensis and M. sediminum in terms of 16S rRNA gene sequence similarity, the results of DNA-DNA hybridization demonstrated that it represented a novel species, as the relatedness of the strain to any of these three closely related type strains was well below 70 %. The mean DNA-DNA relatedness between strain UST090418-1611 T DNA base composition was determined in triplicate by using the HPLC method (Mesbah et al., 1989) . The DNA G+C content of strain UST090418-1611 T was 57.1 mol%, which was within the range previously found for recognized species of the genus Marinobacter (Table 1) . Respiratory lipoquinones were analysed by using HPLC and MS (Collins, 1985; Tindall, 1996) and compared with reference standards from Sigma. The predominant lipoquinone was ubiquinone 9 (Q-9).
For analysis of the cellular fatty acid composition, cells were grown in MB in flasks on a rotary shaker (220 r.p.m.) at 30 u C for 3 days and then fatty acids were extracted and 
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methylated (Kuykendall et al., 1988) . The methylated fatty acid composition was determined by using the MIDI Sherlock Microbial Identification System (Microbial ID; Sherlock version 6.1, TSBA6 database) as described by Sasser (1990) . The major cellular fatty acids of UST090418-1611 T were the hydroxy fatty acid C 12 : 0 3-OH, saturated C 16 : 0 and C 12 : 0 and the monounsaturated fatty acids in summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c) ( Table 2) . The composition was similar to that of the reference strains, which also displayed large proportions of saturated fatty acids. However, the content of C 12 : 0 and C 12 : 0 3-OH in UST090418-1611 T was significantly higher (1.5-fold) than in other reference strains. Results from fatty acid analysis therefore showed that UST090418-1611 T shared major cellular fatty acids with closely related members of the genus Marinobacter but was subtly different in the proportions of certain fatty acids. Detailed cellular fatty acid compositions are shown in Table 2 .
In conclusion, the phylogenetic, physiological and biochemical characteristics of strain UST090418-1611 T presented in this study suggest that it represents a novel species within the genus Marinobacter, for which the name Marinobacter xestospongiae sp. nov. is proposed.
Description of Marinobacter xestospongiae sp. nov.
Marinobacter xestospongiae (xes.to.spon9gi.a.e. N.L. gen. n. xestospongiae of/from Xestospongia, the zoological name of a genus of sponge, referring to the isolation of the type strain from the sponge Xestospongia testudinaria).
Cells are Gram-negative, rod-shaped (0.6-0.862.0-2.5 mm), devoid of endospores, motile with a single polar flagellum. Growth occurs under aerobic conditions. Colonies are 0.3-0.6 mm in diameter, circular and slightly irregular, cream-coloured, convex with a smooth surface and an entire edge, semi-transparent after incubation on marine agar 2216 (Difco) at 28 u C for 48 h, and turn brown after incubation for more than 14 days. Growth occurs at 0.5-6.0 % (w/v) NaCl (optimum growth at 2.0 %); no growth in the absence of salt. Grows at pH 5.0-10.0 and at 15-42 uC, with optimum growth at pH 7.0-8.0 and 28-36 u C. Nitrate is reduced to nitrite but not nitrogen or ammonium. Indole is produced but H 2 S and acetoin are not. Negative in the methyl red test. DNA is hydrolysed but gelatin, casein, starch and Tween 80 are not. Positive for catalase, oxidase, esterase lipase (C8), naphthol-AS-BIphosphohydrolase, N-acetyl-b-glucosaminidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase and leucine arylamidase; weakly positive for alkaline phosphatase and esterase (C4); negative for lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, urease, amannosidase, a-fucosidase, gelatinase and tryptophan deaminase activities. Utilization of glycerol, acetate, ethanol, pyruvate, glutamate, propionate, succinate and L-alanine as sole carbon sources is observed on agar medium supplemented with 0.4 % (w/v) carbon source but not for D-glucose, sucrose, D-sorbitol, D-galactose, dextrin and starch. N-Acetylglucosamine and potassium gluconate are utilized in both API 20NE and API 50CH systems. Fermentation occurs with D-glucose, D-mannitol, L-rhamnose, sucrose, melibiose and L-arabinose in both API 20E and 50CH systems, but not with inositol or amygdalin in either system. Moreover, acid is produced from glycerol, The type strain, UST090418-1611 T (5JCM 17469 T 5NRRL B-59512 T ), was isolated from the sponge Xestospongia testudinaria, collected from the Red Sea coast of Saudi Arabia. The DNA G+C content of the type strain is 57.1 mol%.
Marinobacter mobilis sp. nov. and Marinobacter zhejiangensis sp. nov., 4.4 2 0.7 1.1 0.5 *Summed features represent groups of two or more fatty acids that could not be separated in the MIDI system. Summed feature 1 contained iso-C 15 : 1 H and or C 13 : 0 3-OH. Summed feature 3 contained C 16 : 1 v7c and/or C 16 : 1 v6c. Summed feature 8 contained C 18 : 1 v6c and/or C 18 : 1 v7c. Summed feature 9 contained iso-C 17 : 1 v9c and/or 10-methyl C 16 : 0 .
